Introduction: Digitalis has been used for over 200 years to treat patients with heart failure, and evidence supports its use to improve clinical symptoms and quality of life, but not survival. The objective of this retrospective study was to evaluate the effects of digitalis on readmission and mortality in patients with heart failure with reduced ejection fraction (HFrEF) who were receiving current guideline recommended medical therapy. Methods: We reviewed medical record data from a retrospective cohort study of 1047 patients admitted to the hospital from 2005 to 2014 with decompensated HFrEF. 244 received digitalis, at some point during patient trajectory, and 803 never received digitalis. The primary outcomes of interest were the length of stay in hospital, readmission rates after discharge at 1, 6, 12, and 24 months and the overall mortality rate, at the same time points. Results: We studied the effects of digitalis after adjusting for age, sex, race, potentially confounding comorbidities, and prescription medications. Digitalis treatment is associated with decreases in EF in patients with HFrEF (OR = ¡2.83, P < 0.001) and was associated with an increased readmission rate for any reason after discharge from the hospital at 6, 12, and 24 months, 53%, 34%, and 35%, respectively. No statistically significant difference was found between patients who received digitalis and those who did not (referent group) for the length of hospital stay and overall mortality rate. Conclusion: Digitalis use is associated with increased re-admission rates for any reason following discharge from the hospital at 6, 12, and 24 months.
Background
Heart failure (HF) syndrome is a major health problem associated with significant morbidity, mortality, and healthcare-related costs. 1 The goals of HF-therapy are to improve symptoms, and quality of life and reduce mortality. The American College of Cardiology/American Heart Association and the European Society of Cardiology 2 recommend initial therapy for heart failure with reduced ejection fraction (HFrEF) with diuretics, Renin-Angiotensin-Aldosterone system blockers and B-blockers. Additional therapies among HFrEF, such as digitalis, are recommended in selected patients such as symptomatic patients with stage C or D HF, or as a second line therapy for controlling the heart rates of patients with atrial fibrillation with HFrEF. Digitalis, a drug derived from nearly 20 species foxgloves, has been used for over 200 years to treat patients with HF. 3 This cardiac glycoside has a positive inotropic effect by inhibiting the Na-KATPase pump in myocardial cells and a negative chronotropic effect
Abbreviations: ACEIs, angiotensin-converting-enzyme inhibitors; ARBs, angiotensinreceptors blockers; LV, Left ventricle The study is a single center retrospective study of patients who were admitted to Elmhurst Hospital Center, NY between January 1st, 2005 and December 31st, 2014 ( Fig. 1 ). This study was approved by Institutional Review Board of the Mount Sinai School of Medicine. by increasing parasympathetic tone. 4, 5 Small clinical trials [6] [7] [8] [9] showed that digitalis improved short-term hemodynamics and long-term outcomes, such as clinical symptoms and quality of life in patients with HFrEF. Earlier RCTs from the 1990s, which predate the era of recommendations to prescribe beta blockers and ACEIs/ARBs, showed that withdrawal from digitalis, as opposed to digitalis use, resulted in deterioration of LV ejection fraction. [10] [11] [12] [13] The Digitalis Investigator's Group (DIG) concluded with a randomized, placebo-controlled trial 14 that digitalis had no effect on overall mortality, but decreased the overall number of hospitalizations attributable to worsening heart failure in patients receiving optimal medical therapy. Digitalis use in the United States had declined significantly between 1997 and 2001. This was likely attributed to the negative results of the DIG trial which showed that digitalis did not reduce overall mortality, but it reduced the rate of hospitalization both overall and for worsening heart failure and the advent of new agents that conferred a mortality benefit, such as ACE inhibitors, beta blockers, and aldosterone antagonists. 15 A recent small randomized, placebo-controlled crossover trial showed that withdrawal from digoxin treatment did not lead to a reduction in ejection fraction. 16 In this retrospective cohort study, we evaluated the effects of digitalis use on the length of stay in hospital, readmission rates after discharge at different time points and the overall mortality rate in a real-world population of HFrEF patients.
Method

Study design
The study is a single center retrospective study of patients who were admitted to a tertiary hospital; between January 1, 2005 and December 31, 2014 (Fig. 1) . The annual inpatient admissions to our hospital estimated around 20,000À25,000, of which Heart failure admissions represent 15% of total hospital admissions. This study was approved by Institutional Review Board of the Electronic medical record chart analysis was done using QuadraMed Computerized Patient Record software.
We included the data from adult patients >18 years of age, who were admitted with a primary diagnosis of acute on chronic heart failure, had transthoracic echocardiography (TTE) within 12 months prior to admission, and were on prescribed digoxin. TTE was interpreted by an independent cardiologist. The echocardiogram report of each patient was reviewed and analyzed to extract the necessary information. Only Cases with HFrEF, defined as left ventricular EF 40%, and a therapeutic serum digoxin level (0.6À0.9 ng/ml) were included. 17 The primary outcomes were the length of hospital stay, the readmission rate for any reason at 1, 6, 12, 24 months after discharge and the overall mortality rate at the same time points.
Echocardiography
The transthoracic echocardiogram was considered to reflect the level of systolic function if it was obtained within the last 6 months of the admission. 2D Echocardiograms were performed according to the recommendations of the American Society of Echocardiography. We assessed the ejection fraction by using the Biplane Simpson's method. Patients with EF 40% were included in our study.
Statistical analysis
Statistical analysis was performed by statistical software SPSS (IBM Corporation, USA) and P < 0.05 was considered significant.
Chi-square, odds ratios and multivariate logistical regressions, time-to-event analysis using Kaplan-Meir plots and Cox proportional hazards modeling were used for the statistical analysis. We evaluated the medical records to determine the presence of hypertension, diabetes mellitus, obesity, dyslipidemia, tobacco use, chronic kidney disease (CKD), congestive heart failure (CHF) and gender. We determined CKD using the Cockcroft-Gault equation and included patients with CKD stage 3 and worse as a defining factor. Dyslipidemia was defined as low-density lipoprotein cholesterol of 130 mg/dL or greater or total cholesterol >200 mg/ dL. Hypertension was defined as blood pressure 140/90 mm Hg or greater in two different setting. Lastly, diabetes mellitus was defined as having fasting blood glucose levels greater than or equal to 126 mg/dL or by having a hemoglobin A1C level greater than or equal to 6.5%.
Results
We identified 2087 patients who were admitted to the hospital from 2005 to 2014 with acute on chronic decompensated heart failure. A total of 1047 patients had HFrEF, 244 patients received digitalis treatment within in the therapeutic range, compared to 803 patients who did not receive digitalis therapy (Fig. 1) . Baseline characteristics of the patients are listed in Table 1 . The average age was 66 (SD § 2.6) years and 68% (SD § 3.2) were male. There was a significant racial discrepancy among groups; African American and Hispanic patients were more likely to receive digitalis compared to Caucasian patients. Patients receiving digitalis were more likely to have atrial fibrillation (AF) and lower ejection fraction, but were less likely to have chronic kidney disease ( Table 1) . Average length of stay was longer for the digitalis group (6.3 days) than the non-digitalis group (5.8 days), but the difference was not statistically significant. The readmission rate to the hospital for any reason was 16.5% at 1 month after discharge and increased steadily until 47.3% at 2 years. A higher readmission rate was observed in the digitalis group at all time-points (1, 6, 12, and 24 months). However, the difference was statistically significant only at 6, 12, and 24 months ( Table 2) .
Overall mortality rate was 3% at 1 month and increased gradually up to 4% at 12 months and 5% at 24 months. Short-term mortality rate, at 1 and 6 months, was higher in the non-digitalis group while long-term mortality rate, 12 and 24 months, was higher in digitalis group. None of these differences were statistically significant (Table 2 and Fig. 2) .
We studied the effect of digitalis on the outcomes of interest between the two groups after adjusting for age, gender, race and prescription medications. Patients who were on digitalis treatment found to have a statistically significant lower EF among HFrEF group (OR= ¡2.83, P < 0.001). Digitalis group found to have a non-statistically significant shorter stay at hospital (OR = 0.48, P = 0.43) by almost 2 days (Table 3) . Additionally, digitalis was associated with a higher rate of readmission rate for any reason by 37%, 53%, 34%, and 35% at 1, 6, 12, and 24 months after discharge, respectively. However, the difference between the groups with and without digitalis was statistically significant at all time-points except at 1 month. Use of digitalis was associated with an increased mortality rate by 3%, 27%, 39%, and 29% at 1, 6, 12, 24 months. However, the differences between the two groups in these rates were not statistically significant (Table 3 and Fig. 3 ).
Subgroup analysis based on racial differences
There were not significant differences among the Caucasians between patients with or without digitalis therapy, in regard to readmission and mortality rates (Table 4) . Among the Hispanic group, patients who were on digitalis had lower ejection fractions and higher 30-day, 6-month, and 1-year readmission rates compared to the Hispanic non-digitalis group (Table 5) . Among the African American group, there was a non-significant trend for the digitalis group to lower ejection fractions, and lower 30-day, 6-month, and 1-year readmission rates, compared to the non-digitalis group (Table 6 ).
Subgroup analysis of atrial fibrillation
Out of 2087 patients with documented heart failure, 504 (24.9%) patients had atrial fibrillation. Out of 504 patients, 231 (64.1%) patients had HFrEF and atrial fibrillation. Among the 231 patients with atrial fibrillation, 39.8% were taking prescribed digitalis versus 60.2% who were not. Patients who were on digitalis had higher 6-month readmission rates but no different 30-day and 1-year readmission rates. Although there was a trend suggesting a lower ejection fraction n the digitalis group, it was not statistically significant (Table 7) .
Discussion
In this retrospective cohort study, we evaluated the effect of digitalis use on length of hospitalization, readmission rates, and overall mortality in patients with HFrEF. In order to improve generalizability, we included subjects with varying ethnic backgrounds that were established on guideline-directed medical therapies. We also included subjects with common co-morbidities that were not assessed in the Digitalis Investigation Group trial such as atrial fibrillation. However, some of these results were demonstrated over twenty years ago by the Digitalis Investigation Group and lead one to question whether they can be replicated in this present age. 14 Out of 1047 hospitalized patients with HFrEF, 23.3% of the patients were on digitalis treatment that was maintained in the therapeutic range and 76.7% had never received digitalis. Length of hospital stay and overall mortality at 1, 6, 12, and 24 months were not statistically significant between the groups. However, when comparing all-cause hospital readmissions at 6, 12, and 24 months, digitalis treatment was associated with an increased hospital readmission rate of 53%, 34%, and 35% respectively.
After analyzing the study population by ethnicity, there were notable differences with digitalis treatment. Caucasians made up nearly 30% of the study population and on average were the oldest ethnic group studied. Among this group, there were no significant differences in readmissions or mortality with digitalis compared to the control. African Americans made up nearly 20% of the study population and on average were the youngest ethnic group studied. Among this group, it was noted that the choice of digitalis treatment was utilized on the lowest ejection fraction patients but without any statistically significant difference in readmission rates or mortality. However, among the African American group, the digitalis group had lower ejection fraction, and lower 30-day, 6-month, and 1-year readmission rates comparing to non-digitalis group. This was not statistically significant because of the sample size in this study but digitalis may provide potential benefit in this racial group. Hispanics also made up nearly 20% of the study population and similarly, the choice of digitalis treatment in Hispanics was utilized on the lowest ejection fraction patients. This group was also noted to have the worst outcomes with digitalis treatment. They experienced higher readmissions at all specified time periods, 1, 6, and 12 months. At one month, 33% of Hispanic patients were readmitted. At one year, over 60% of Hispanic patients had been readmitted. There was a significant racial discrepancy among ethnic groups in our study; African American and Hispanic patients were more likely to receive digoxin compared to Caucasian patients and treatment was favored on the lowest ejection fraction non-Caucasian patients.
In the Digitalis Investigation Group trial, only 14% of the study population was of non-white race. Moreover, these subjects had a higher average ejection fraction, with the large majority of heart failure consisting of an ischemic origin. With such contrasting data and the plausibility of potential harm, further trials are needed in these specific populations of HFrEF prior to initiation of digitalis. Our results are contradictory to the preexisting data described in the Digitalis Investigation Group trial. This may be secondary to the characteristics of the patients included in our study. More than 70% of the study patients were in NYHA class III or IV, with an average ejection fraction of »24% in the treatment arm. Nearly 40% of the digitalis treatment group had a diagnosis of atrial fibrillation, which was excluded in the former digitalis trials. Finally, almost 90% of our patients were receiving treatment with beta blockers prior to the initiation of digitalis. These variables not only represent a common patient with HFrEF in current practice, but they depict a more complex, debilitated patient.
Our study magnifies the complexity and composition of today's HFrEF patient. It ignites inquisition if one size truly fits all when it comes to therapies for these patients. Genetic polymorphisms have been described to play a major role in the variability of drug responses in different races, potentially altering pharmacokinetics and specific drug targets. By evaluating outcomes of digitalis use in Caucasians, African Americans, and Hispanics, our study provides the first data to suggest genetic variability with digitalis use in patients with HFrEF. With this data and the potential for harm, further trials evaluating digitalis are needed in these specific populations to effectively reduce hospitalizations, readmissions, and healthcare cost. With continued investigation on genetic polymorphisms in digitalis, management of the morbidity and potentially mortality that comes with HFrEF may improve in certain sub-populations. Finally, our study did not find harm in utilizing digitalis in patients with HFrEF and concomitant atrial fibrillation. As many patients with HFrEF also have atrial fibrillation, digitalis can be a reasonable option in managing these common co-morbidities. 
Limitations
This study was retrospective and causality cannot be inferred. Although the baseline characteristics of both groups did not differ significantly (except for CKD, racial difference, use of statins and use of Torsemide), the selection bias effect cannot be completely eliminated likely because residual confounders might not be apparent and difficult to control. 13 
Conclusion
Digitalis is associated with increased re-admission rates for any reason following discharge from the hospital at 6, 12, and 24 months. Length of hospital stay and overall mortality at 1, 6, 12, and 24 months were not statistically significant between the groups. Analysis based on racial group showed no outcome benefit for the Caucasian group, harm for the Hispanic group and potential benefit in the African American group. However, further investigation is needed to clarify these findings such as the racial variation outcomes among HFrEF and being treated with digitalis.
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